A MeOH extract from the whole plant Dendrobium venustum exhibited significant antimalarial and anti-herpetic activities. Bioassay-guided isolation of the plant extract resulted in the isolation of seven known phenolic compounds. Densiflorol B (3) and phoyunnanin E (6) showed the strongest antimalarial activity and a high selectivity index, whereas gigantol (2), batatasin III (5) and phoyunnanin C (7) exhibited moderate activity. Compounds 2 and 5 also showed weak activity against the Herpes simplex virus. This study is the first report on the chemical and biological activities of D. venustum.
Plants of the genus Dendrobium (Orchidaceae) are widely distributed throughout Asia and Australia, and approximately 150 species of this genus have been identified in Thailand [1] . Dendrobium plants have been reported to contain several classes of secondary metabolites including phananthrenes, bibenzyls, alkaloids, fluorenones, sesquiterpenes, coumarins and polysaccharides [2] . Some of these metabolites have been reported to possess various pharmacological activities, such as antitumor, anti-inflammatory, antifibrotic, antioxidative and immunoregulatory activities [3, 4] . However, there have been no reports concerning the antimalarial activity of Dendrobium spp and only a few reports on its anti-herpetic activity [5] .
As part of our ongoing studies of bioactive phenolics from Dendrobium plants [6, 7] , we investigated the chemical constituents of D. venustum Teijsm. & Binn., a native plant of Thailand whose secondary metabolites had not been previously reported. In this study, a MeOH extract prepared from the whole plant showed strong antimalarial activity against Plasmodium falciparum with an IC 50 of 3.27 g/mL. Thus, it is a highly active extract (IC 50 < 5 g/mL) according to WHO recommendations [8] . This extract also showed 80% inhibition, at a concentration of 100 g/mL, against both types of the Herpes simplex virus (HSV-1 and HSV-2). A subsequent chemical investigation resulted in the isolation of seven known phenolic compounds (1-7) ( Figure 1 ). Each isolate was evaluated for its antimalarial and anti-herpetic effects. The antimalarial compounds were further evaluated for their cytotoxicity against human dermal fibroblasts, and their selectivity index was calculated.
The MeOH extract prepared from the whole plant of D. venustum was initially subjected to vacuum liquid chromatography on silica gel, and 8 fractions (A-H) were obtained by eluting with an n-hexane-EtOAc gradient. Each of the fractions was evaluated for its antimalarial and anti-herpetic effects. Fraction G was found to possess the strongest antimalarial activity with an IC 50 of 2.6 g/mL. This fraction also showed inhibitory activity against HSV-1 and HSV-2 with IC 50 values of 74.9 and 66.5 g/mL, respectively. Subsequent chemical investigation of fraction G resulted in the isolation of seven known phenolic compounds. The structures of the isolates were determined by comparing their spectroscopic data with those reported, and the compounds were identified as flavanthrinin (1) [9] , gigantol (2) [10] , densiflorol B (3) [11] , lusianthridin (4) [12] , batatasin III (5) [13] , phoyunnanin E (6) [14] NPC Natural Product Communications 2014 Vol. 9 No. 6 825 -827 
NA = no activity (<50% inhibition of parasite growth at 10 g/mL for antimalarial activity; <50% inhibition at 100 g/mL for anti-HSV activity), ND = not determined. SI = IC 50 (cytotoxicity against human fibroblasts)/ IC 50 (growth inhibition of P. falciparum).
and phoyunnanin C (7) [12] . To the best of our knowledge, this is the first report on the chemical composition of D. venustum. Among the isolated compounds (1-7), two dimeric dihydrophenanthrenes, phoyunnanins E (6) and C (7), were identified for the first time from Dendrobium plants. Compounds 6 and 7 were first identified from Pholidota yunnanensis and P. chinensis, respectively [12, 14] . Biogenetically, both compounds might be derived from dimerization of lusianthridin (4) through carbon free radical and oxygen free radical reactions [15] .
These isolates (1-7) were then evaluated for their antimalarial and anti-herpetic activities. To determine the antimalarial activity, each compound was initially tested at a concentration of 10 g/mL. An IC 50 value was determined if the compound showed more than 50% inhibition of parasite growth. The results of the antimalarial and cytotoxic activities on human skin fibroblasts together with the selectivity indexes (SI) are shown in [16, 17] . It should be noted that the dimeric phenanthrenes phoyunnanins E (6) and C (7) were active, but the monomer lusianthridin (4) was devoid of activity. The evaluation of the anti-herpetic activity of the isolates was achieved using the plaque reduction assay (inactivation) [18] . The results ( 
Extraction and isolation:
The dried and powdered whole plant (2 kg) was macerated with MeOH (3 x 10 L) to afford a MeOH extract (164 g) after removal of the solvent. This material was subjected to vacuum-liquid chromatography (VLC) on silica gel (n-hexane-EtOAc gradient) to give 8 fractions (A-H). Fraction G was selected for further investigation as it showed antimalarial and antiherpetic effects. Fraction G (16.3 g) was fractionated by CC over silica gel eluting with a CH 2 Cl 2 -EtOAc gradient to give 10 fractions (GI-GX). Fraction GIV (1.5 g) was separated by CC (silica gel; CH 2 Cl 2 -EtOAc gradient) to afford 8 fractions (GIV1-GIV8). Fractions GIV3 (218 mg), GIV6 (104 mg) and GIV7 (48 mg) were further purified on Sephadex LH 20 (acetone) to give flavanthrinin (1) (452 mg), gigantol (2) (25 mg) and densiflorol B (3) (25 mg), respectively. Fraction GV (1.0 g) was separated by CC (silica gel; CH 2 Cl 2 -EtOAc gradient) and then further purified on Sephadex LH 20 (acetone) to afford lusianthridin (4) (618 mg). Fraction GVI (45 mg) was separated on Sephadex LH 20 (acetone) and then purified by CC (silica gel; CH 2 Cl 2 -EtOAc gradient) to yield batatasin III (5) (19 mg). Fraction GVII (2.2 g) was separated by CC over silica gel (CH 2 Cl 2 -MeOH gradient) and then further purified by preparative TLC (CH 2 Cl 2 -MeOH 9.5:0.5) to give phoyunnanin E (6) (16 mg). Fraction GVIII (5.0 g) was separated by CC (silica gel; CH 2 Cl 2 -MeOH gradient) and then by preparative TLC (CH 2 Cl 2 -MeOH 9.5:0.5) to afford phoyunnanin C (7) (31 mg).
Antimalarial assay: Antimalarial activity was evaluated using microculture radioisotope techniques based on the method described by Desjardins [19] . Plasmodium falciparum (K1, multidrug resistant strain) was cultivated according to the method of Trager and Jensen [20] . Briefly, 200 L of a 1.5% parasitized red blood cell suspension in complete medium was added to a 96-well plate containing 25 L of test sample and incubated for 24 h. Then, 25 L of [ 3 H] hypoxanthine (Amersham, USA) in culture medium (0.5 Ci) was added to each well. After incubation for 24 h, the levels of radioactively labeled hypoxanthine incorporated were determined using the TopCount microplate scintillation counter (Packard, USA). The percentage of parasite growth was calculated using the signal count per min under treated (CPM T ) and untreated (CPM U ) conditions as follows:
Parasite growth (%) = CPM T / CPM U  100
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Inhibition concentration (IC 50 ) represents the concentration at which 50% reduction of parasite growth occurs. Dihydroartemisinin and mefloquine were used as positive controls, and 0.1% DMSO was used as a negative control.
Cytotoxicity assay on human skin fibroblasts:
Cell viability was determined by the modified MTT assay [21] . Briefly, human skin fibroblasts (HDFn cells) were seeded into a 96-well plate at 6,000 cells/well and incubated for 48 h. Then, cells were treated with different concentrations of test samples for 24 h. The test samples were removed from the cell cultures, and the cells were re-incubated for 24 h in fresh medium. The medium was replaced with MTT solution (5.0 mg/mL in PBS), and the cells were incubated for 4 h. Then, DMSO (200 L) and Sorensen's Glycine buffer, pH 10.5 (25 L) were added to solubilize the formazan product. The optical density was measured at 570 nm using a microplate reader (Molecular Devices). Cell viability was calculated from the absorbance as the percentage of MTT-treated cells relative to control cells. A dose-response curve was plotted as the concentration of test samples versus percentage of cell viability. The data were analyzed with the SoftMax program (Molecular Devices) to determine the IC 50 for each test sample. The selectivity index (SI) was calculated as the ratio of IC 50 (cytotoxicity against human fibroblasts)/ IC 50 (growth inhibition of P. falciparum).
Assay of anti-HSV activity:
Antiviral activity against HSV-1 (Strain KOS) and HSV-2 (Strain 186) was determined using the plaque reduction method, as previously described [18] . Briefly, virus (30 PFU/25 L) was mixed with 25 L of complete medium containing various concentrations of each test compound and then incubated at 37ºC for 1 h. After incubation, the mixtures were added to Vero cells (6 x 10 5 cells/well) in 96-well microtiter plates and incubated at 37ºC for 2 h. Then, the overlay medium containing various concentrations of each test compound was added to the Vero cells, and they were subsequently incubated at 37ºC in a humidified CO 2 incubator for 48 h. Virus growth inhibition was determined by counting the virus plaque formed on Vero cells compared with the controls. The cells were then stained with 1% crystal violet in 10% formalin for 1 h. The percent plaque inhibition was determined. Acyclovir was used as a positive control.
